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DEVELOPMENT OF A MJLTICUSF 11- ION SOURCE
FOR ACCELERATOR APPLICATIONS

R. L. York and Ralph R. Stevens, :r.
Los Alrimus Rntioniil Laboratory

I.OS Alamos, New MexlcrI 87545

The development
(Ilerksley concept)
described. The goal
n suitnble 11- ion

AHSTRACT

of n multicusp surface-pruduct.inri 11- ion source
dcslgncd apcciflcally for accelerator use is
of this development effort has been to provide

source for the Pruton Storar.o llln~ now betnfi
constructed nt lAMPF. The ion source that l~ils been-”dl~vcl;)pud Is nuw
CilpilhlC Of long-term opuratton at 20 MA of H- cllrrunt ;It 10Z (luty
fnctor ilnd witl~ normalized beam cmittnncc Of 0.13 cm-mr~ld (95% hcnm
fr:lctlon). The dcvclopnwnt progr:lm w~ll hv (11”:+($r f.l>cd with
partt~[ll;lr Uln]lllil:;ts on twilm t~ml.tt;lnct.: m~~ilsurumc!nts.
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region for beam extraction. All of the magnetics around the
cylinder and in the cndplates are samarium-cobalt magnc~s except for
the three bar magnets on the extrfiction side of the saurce and those

in the repeller electrode. It was necessary to make these ma~ncts
Alnico-8 magnets to in6ure a magnetic-field-free cxtracl.ion re~ion.

EXPERI~.NTA1. RESULTS

Cesium Transfer——. —-.—----

OrIginally cesihm was tra’lsferred Into the source using a
method similar to thilt used by the Berkeley group. First, the
source wa9 conditioned by running relatively l,Lgh continuous .nrc
currents (40 to 50 nmps) for severnl hours. The r,~tto of l!- ctlrr~~llt
to hcnvy ion impurity currunt wiIs moni.torud to mCil~tlr~ the :rmli~ion
of the source, Wlmn tllc rtitio of 11- ion cllrrcnt to trnpurtty curruu~

(primarily 0- iilld 011-) was unity. r.est(lm was trnnsfurrwl by h~ilting

the cesillm oven to 2700 C iInd opening the Vnlvc o f :hL? oven fnr
ilpprOXiM.ltCly unc minute. h’Lth this mi’tllod of trilnsfcr, the sollrc~~
kIIS fuund to op~~riite ~tahly for up to 24 hour~. tlow~’v~’r~ the pl!rl.td
of st:lhl.c operaltton vnric!d from on~! trilllsfcr to nn~jthl!r.

‘r~ nchi.evc I;rLIilL12r 10IIg term opilriltfc)llill St;lbfl.[LyB il method of

~oilt{ll~loll~” ccsl;lrn Lrill~~f(q< W;IS ildopt~d. A L(’m]u!r:l LuW control lcr
Wil S u!il’lt to r(’~ill:ltc tlw tl~mperiltllre of tll(! ri’sturn OV1’11. “rhlls,
:Iftllr tl]c sollrrtt w:ls r[~ndltionlld tll(l ri!tilllm v;IlvII wiIs I(!tt opC’11 il Ild

I III’ Ilnw of (-(!slllm 11110 L.hu So(ll. r.Lh W:IS d(Ir.ll rm{ mid hy L II(} t.(’lnl)(!]-ill.llrll

I)f 1]](! OVL!II.

T!lls mL*t.lIod of CL*I; I um Lriilisf(’r ~:lvus 11s till’ r:lpill)ll I Ly 01”

sf\l(l\J I l]}: Lhl’ V.’ll I OIIH s(~{ir[.t~ pnr,lln,tt~~rs unlli,r COIII rol. 1(*(1 c-its [tlm

(“l)lldl I 11)11::. For :In ar(: rIIrr(,III I)C /+() A, :1 11111::1* lIIII};I II 1)1”
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plasma potential. The small amount of data that was obtained
~ndlcated this converter did not yield significantly mor,? beam
current even though it drew approximately twice as much converter
current as the molybdenum.

A niobium converter was also installed in the same geometry as
the molybdenum converter. Its operation was very similar to the
molybdenum in terms of sparking and convcrtc!r current. However, the
niobium yielder-l both a brighter and higher-intensity beam than the
molybricnum when operated under the same conditions as shown in Fig.
6. At an intensity of 20 mA, the niobium converter produced n beam
that is 1.5 times as bricht as tl~at of molybdenum. Although the
bc<lm quallty is improved, a niobium convcrtcr may have some

lnng-term operational problems. When the solltce wi~s disassembled,
the surface of the converter was h:idly spallcd and cracked.

l,ifctime Tests. . . .. . . . -----

Sevcr,ll lifetimr trsts were carried o~lt L() (!valllilte tll(?

Iorig–term l)L!rformilriCc of this ion source for iiccf”ll?raLor service.

TIId su:lrce W:IS opcr:{ted for uxt.(!n~led pl!riods up to 200 llourS ;Ind inn
I){:am !nc’il Surf2m~’nt S were taken continuously durin}: cll(’ tcSLs fi~
pcrtodic lllLCrVillS. Tl~c Lcsts w(!re terminil~l!d ctLhcr };y il~l’1’l.crilt~r

filll(lru o r !)}’ Choice but Ilot I)!!ca(l:;c of IOU Sollri’1’ f:lf llIre. I 11

11.l:Ih* r;l 1, Lhv Iwam-current ;In(l ellli t.tl; lll(’c V;lllll’s were (’onsl.. ant [:(1
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variation of the optimum converter voltage as a function of
cnslum-ovell temperature. In Fig. 4, the bcnnr currents
~,cresponrllng to the converter voltages shown in Fig. 3, are
plotted as a function of t~,e cesium-oven temperature.

Thus , FIR. 4 indicates that higher beam currents can be
obtnined by simply transferring ceaium at a higher rate. Howevert
since the mensured emi.ttance values are determined by the
geometrical admittance of the sorirce, these higher beam currents at
hlghcr converter voltages have higher cmittnnce values. All of the
cmittnnce values mea~ured at the various cesium temperatures are
plotted tn Fig. 5 as a function of beam current. This plot Phows
that over the range of ccsium conditions investigated, the observed
emittance vallics increased with beam current,

To Further investigate now the !~ean] current yield depends on
ce.sium-trilrlsfcr rate the source Gas crpcrated at various duty
fnctors. When operated at low duty factor (1%), the source
purformnnce wtis equivalent to that at higher duty factor (8%), but
Ll)c source rcqulred a lower rilte of ccsiun, transfer. The measured
cmlctilnce values ,nt low~’r dllty filctOrS exhlbl~ the same relationship
to b~illll cut-r~’nt shown in FtX. 5.
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within ~5~ of setpolnt values after equilibrium had been reached.
During these tests, neither the arc nor the gas flow had closed-loop
control, 60 the above variations reflect the open-loop behavior of
the source. A hydrogen-gas controller has now been installed and
the present performance is decnied adquate for LAMPF operation.

At the end of each test, the tungsten filaments were removed

and measured. On the average, the diameter of the filaments
decreased 0.001 inches/100 huurs of operation for 20 mA bcaln
oj;eratior , This sputtering rate Implies a 600 hour filamt~nt
lifetime (1OZ reduction in diameter). HovevPr, some regions of thu
filaments near the ceslum tri+nsfer tube did cxh]bit it gre;lL~r
rcdu~iion in diameter which would entail a shorter ii.fettmc. This
transfer tube has been moved farther from the filam.?ncs anti n mtlrc+
uniform rclluction in filament diameter is now expcctcd. ‘rhe rus ium
consumption for 2ChnA operation was 0.012 griims/hour. Thtls , till!
present design 1S expected to have iln opcr:~tin~ lifetime in py(.i>s:;
of 500 hours; with suitable irnprovemcnts, a 1000 hour lifettml~ Ctln
he nchievmi.

CONCLIIS1ON”

The multic(lsp s(lrfnce-proliuction
provide m,der;ltc Intcn’;l.ty hcilm~ ilt hl,~h

long-tc~m accelerotnr opcraL1.on. Pcnk
hcun ol~tnln~~d with norm;lltzcd cmlttnllccs


